ABSTRACT: Background: Antibodies to cardiolipin and other phospholipids have been associated with recurrent thrombotic events, including stroke. Methods: Over a 16 month period we assessed an unselected cohort of 151 ischemic stroke patients for the presence of antiphospholipid antibodies. Patients with known systemic lupus erythematosis, systemic sclerosis, or Sjogrens Syndrome were excluded. Sera from patients admitted to hospital with a diagnosis of ischemic stroke (n = 151) and from controls (n = 111) assessed during the same period were tested for antiphospholipid antibodies (APLA) using 3 assays; anticardiolipin antibodies (ACA) by ELISA, prolonged activated partial thromboplastin time (APTT), and VDRL. Results: The average age of ischemic stroke cases was 68 years (range 29 to 91) and of controls 63 years (range 29 to 86). The prevalence of APLA detected by at least one of the three methods was 12% for IS cases and 10% for controls. After correcting for known risk factors such as age, gender, diabetes mellitus, heart disease, hypertension, and smoking, the odds ratio for risk of stroke fell to 0.8 (C.I. 0.4 to 1.2). Conclusions: Our findings suggest that APLA may not be an independent risk factor for ischemic stroke in unselected persons who do not have known systemic lupus erythematosis or systemic sclerosis but further evaluation of the role of lupus anticoagulant is indicated. RESUME: La prevalence d'anticorps antiphospholipides dans une population de patients non seiectionnes ayant subi un accident vasculaire cerebral. Introduction: Les anticorps dirigfis contre la cardiolipine et d'autres phospholipides ont 6te associfis a des ev£nements thrombotiques recurrents, dont la thrombose ceVdbrale. Methodes: Nous avons 6valu6 la presence d'anticorps antiphospholipides (AAPL) dans une cohorte de 151 patients ayant pr6sent£ un accident vasulaire ce>6bral (AVC) sur une periode de 14 mois. Les patients qui avaient un lupus 6ryth6mateux aigu diss6mine\ une scleiodermie systfimique ou un syndrome de Sjogrens ont 6t6 exclus. Pendant cette peiiode, nous avons mesurfi les AAPL dans le seium de patients hospitalises pour AVC ischernique (n = 151) et de sujets controles (n = 111) par trois methodes diffeientes: les anticorps anticardiolipine par ELISA, le temps de c6phaline et le VDRL. Result ats: L'age moyen des cas d'AVC isch6mique 6tait de 68 ans (de 29 a 91 ans) et celui des controles de 63 ans (de 29 a 86 ans). La prevalence d'AAPL d£tect6s par au moins une des trois methodes etait de 12% pour les cas d'AVC ischemique et de 10% pour les controles. Apres correction pour les facteurs de risque connus tels l'age, le sexe, le diabete, la maladie cardiaque, 1'hypertension et la tabagisme, le risque relatif de l'AVC s'abaissait a 0.8 (IC. 0.4 a 1.2). Conclusion: Nos observations suggerent que les AAPL ne seraient pas un facteur de risque ind^pendant de l'AVC ischemique chez des patients non seiectionnes qui ne sont pas connus comme porteurs d'un lupus 6rythemateux ou d'une sclerodermic syst6mique. Cependant, une Evaluation plus poussde du role de l'anticoagulant lupique est justified.
Interest in the role of antiphospholipid antibodies (APLA) as a potential contributing factor to ischemic stroke (IS) has been heightened by several studies over the past 10 years. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Prior to 1987, fewer than 70 patients with IS and APLA had been reported. 13 Since then, a number of studies have demonstrated that the prevalence of anticardiolipin antibodies, one of several APLA, ranges from 6.8% to 46% in IS and TIA patients. 6 " 12 The prevalence of APLA reported in controls varies between 0 and 12%, 3 -61014 and like other autoantibodies, the frequency increases with age 15 and is correlated with the presence of other autoantibodies.
14 Some studies included both IS and TIA patients; 5 -7,912 many assessed only patients within certain age groups 7 " or their study population had an average age less than sixty years; 5 ' 6910 and several studies included patients with autoimmune diseases including systemic lupus erythematosis where the prevalence of antiphospholipid antibodies is known to approach 30%. "" Most control populations studied represented cohorts of hospitalized patients or unmatched blood donors. Different measures of APLA (ACA, VDRL, and lupus anticoagulant) and different laboratory methods to detect ACA have been used. Thus, wide variation in the prevalence of APLA in both stroke and control populations is likely, at least in part, to be related to different patient and control selection criteria and different laboratory methods.
The studies by the Antiphospholipid Antibody in Stroke Study (APASS) group 3 and Chakravarty et al. 8 appear to be based on unselected ischemic stroke patients without known collagen vascular disease but the methods of evaluating the size and demographic features of missed patients to determine if their samples were truly unselected is not reported. It is possible that including only IS patients admitted to American tertiary referral centres during "regular working hours" 3 may lead to over-representation of referred patients, and therefore result in a "selected", potentially biased, population. This potential for bias is less likely to be an issue in the British Medical System where Chakravarty et al. 8 completed their study. Most Canadian tertiary care hospitals also function as community hospitals and Canadians generally have little choice in where they obtain their medical care in emergent and urgent situations. This lends itself to relatively unbiased patient selection.
Our objective was to undertake a case-control study to determine the frequency of APLA (ACA, false-positive VDRL tests, or a prolonged APTT) in unselected, hospitalized IS patients compared to age and gender matched controls. In addition, we collected data on other stroke risk factors in order to determine the odds ratio and adjusted odds ratio for stroke occurring in individuals with APLA.
METHODS

Subjects
Over a 16 month interval 151 IS patients who were assessed by the neurology service at two teaching hospitals were prospectively evaluated. Diagnosis was confirmed by the treating neurologist and was based on history, physical examination and cranial computerized tomography. Patients were excluded if consent could not be obtained, if serum could not be obtained within 5 days of the ischemic event, or if they had known systemic lupus erythematosus, Sjogren's syndrome, or systemic sclerosis. Patients with previous strokes were not excluded, but were identified for subsequent stratified analysis. Both hospitals function as both primary and tertiary care centres within their region.
Demographic information, risk factor data (hypertension, diabetes, cardiac disease, smoking, previous TIA or stroke, hyperlipidemia, vascular claudication, and drug and alcohol abuse), description of the stroke (symptoms, neurologic deficit, disability, and investigations), and conditions associated with SLE and the antiphospholipid syndrome were obtained by chart review and a structured interview undertaken by the study neurologist or the stroke study nurse. When necessary, this information was obtained from family members.
Patients were asked to refer a similar aged (± 5 yr) friend, family member or, when necessary, spouse to participate in the study as controls. Same gender controls were preferred and those with a previous history of stroke were excluded. Controls gave informed consent, provided historical information identical to that of the study patients (except for the stroke data) by a structured questionnaire, and serum was obtained.
To determine if there was selection bias in our stroke group medical records of all patients discharged during the study period with a diagnosis of stroke were reviewed. The number of patients who were excluded or not evaluated, the reason they were excluded or not evaluated, and their age and gender were determined.
Data Analysis
Fisher's exact test and chi-square analysis were used for the comparison of categoric variables (gender, ethnic origin, education level, smoking, hypertension, cardiac disease, and diabetes mellitus). The t test was used for analysis of age. Logistic regression, with hierarchical adjustment for known risk factors for stroke (age, gender, smoking history, diabetes mellitus, cardiac disease, and hypertension) was used to assess the relative contribution of APLA, over and above these risk factors. APLA were analysed as a composite score which represented the summary of any positive value from either the ACA, the lupus anticoagulant (APTT), or the VDRL test. All statistical tests were performed with SAS 6.08 (Windows Version for PC).
Preparation and Storage of Serum Specimens
Blood was collected without an anticoagulant and allowed time to clot at room temperature. The specimen was then centrifuged at 2000 rpm for 5 minutes at room temperature to sediment cellular elements and the clot. The serum was removed and heated at 56°C for 30 minutes to inactivate complement and particulate debris was clarified by additional recentrifugation at 14000 rpm for 10 minutes in an Eppendorf centrifuge (Model 5415C). Control sera to establish normal cutoff values for the ACA ELISA described below were obtained from the serum bank at The University of Calgary.
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ELISA for Cardiolipin Antibodies
The protocols for the detection of cardiolipin antibodies followed recommendation of the Second World Conference on Phospholipids. 16 All ELISA reagents were prepared in Nanopur (Millipore Corp.) water and the buffers were prepared immediately prior to performing the procedure. Phosphate buffered saline (PBS) was prepared by combining 8.2 g NaCl, 20 ml 0.5
M phosphate buffer, pH 7.4., and 0.1 g thimerosal in a final volume of 1 litre distilled water. A known positive control was serially diluted from 1/200 to 1/1600 in 10% newborn calf serum (NBCS) (Gibco) in PBS. Two known positive and two known negative controls were diluted to 1/200 in 10% NBCS/PBS. The sera of the stroke patients and their matched controls were diluted to 1/200 in PBS. Cardiolipin (Sigma Chemical Co.) was prepared at a concentration of 5 (xg/ml in ethanol. Fifty ^.1 of the cardiolipin solution was pipetted into the wells of Immunion I microtiter plates (Gibco). To determine the background binding of each serum, "blank" wells were filled with 50 (jJ of ethanol in the absence of cardiolipin. After the ethanol was evaporated overnight at 4°C, the plates were blocked with 300 uJ of a 10% solution of NBCS in PBS, and placed at 4"C. The plates were then washed 3 times with 300 Hi of a 5% NBCS/PBS solution. Two hundred \L\ of the dilutions of standards, controls, and test specimens were added to the appropriate wells and the plates were incubated at 4°C overnight.
Each plate was washed 3 times with 5% NBCS/PBS solution. A polyvalent (IgG, IgA, IgM) anti-human antibody conjugated to alkaline phosphatase (Sigma Chemical Co.) was diluted to 1/1400 in 10% NBCS/PBS, and 200 u.1 of the conjugate were added to each well and the plate incubated for 90 minutes at room temperature with constant agitation. The excess conjugate was removed by washing the plates 5 times with 5% NBCS/PBS. Two hundred ml of a developing solution (1 mg/mL of p-nitrophenylphosphate in diethanolamine buffer (105.14 g diethanolamine, 0.102 g MgCl 2 .6H 2 0, to a volume of 1 litre with distilled water and brought to a pH 9.8 with concentrated HC1) was added to each well. The optical density (OD) was read at 405 nm on the Titretek Multiscan photometer (Flow Laboratories). The time interval for the controls to reach their respective OD values was 12 to 15 minutes. The optical density units for each result were plotted on a curve generated by the known positive sample results included on each plate. A negative result was defined as less than 10 GPL . Ten-eleven GPL was reported as borderline, 11-20 GPL as low positive, 20-100 GPL as medium positive, and > 100 as high positive.
Venereal Diseases Research Laboratory (VDRL) Test for Syphilis
The VDRL test 17 was performed using reagents (VDRL antigen, VDRL-Buffered Saline) and reactive (R), weakly reactive (w) and nonreactive (N) serum samples from Fisher Diagnostics. The VDRL antigen suspension was prepared fresh each testing day as follows. Four hundred (il of a VDRL phosphatebuffered saline solution was pipetted into a 30 ml glass stoppered vial. One-half ml of VDRL antigen was added directly to the saline solution while continuously rotating the vial on a flat surface. The antigen was added dropwise at a rate of 0.5 mL of antigen per 6 seconds. Then, 4.1 ml of buffered saline was added, the vial was capped and rapidly inverted 30 times.
Fifty (j.1 of serum were placed into one ring of a paraffin or ceramic-ringed slide. The VDRL suspension was gently resuspended. One free falling drop (-20 (il) of antigen was added to each circle containing serum. The slide was then placed on a mechanical rotator for 4 minutes at 180 + 2 rpm in a covered moist humidifying chamber to prevent evaporation. Using a 10X objective and a 10X ocular, the slide was read under bright field microscopy and the results recorded according to the size of clumps. Medium or large clumps were reported as reactive (R), 66 small clumps as weakly reactive (CA'), and no clumping or very slight roughness as nonreactive (N).
Activated Partial Thromboplastin Time (APTT)
Standard APTT was performed by incubating 0.1 ml of plasma with 0.1 ml of automated APTT (Organon Teknika, Durham, NC) for 5 min at 37°C, after which 0.1 ml of 25 mM CaCl 2 was added and the clotting time recorded. The presence of a lupus anticoagulant (LA) was not confirmed in all patients.
RESULTS
During the 16 month study period 379 IS patients without known connective tissue disease were admitted to hospital. One hundred fifty-one IS patients and 111 controls were studied (Table 1 ). Cases and controls differed for age, gender, and race. On average, the age of IS cases (68 years) was approximately 5 years older than controls (63 years) (p < .01), but the age range was similar (29 to 91 years for cases and 29 to 86 years for controls). Thirty-seven per cent of cases and 57% of controls were female (p < 0.01). There were more non-Caucasians in the case group (10% -3 black, 3 native Canadian, 10 other race) than in controls (1.8%) (p < .05 by Fisher exact test). The age difference and the larger number of females in the control group was due to the method of recruitment for controls. Many elderly male IS patients did not have a same gender friend or family member to refer who was within 5 years of their age. This resulted in referral of a high number of spouses, who were often younger and female, or in referral of no control. Racial differences were also related to the method of recruitment for controls because many non-Caucasians did not wish to refer a friend or relative. This may be related to different cultural perspectives of health and/or medical research.
Two hundred twenty-eight ischemic stroke patients admitted to hospital during the study period were not enrolled in the study (Table 2) . 112 patients were missed because they were not referred for this study within 5 days of the stroke. Their mean age was 70 years and 45% were female. They did not differ statistically from study patients. 116 patients were excluded: 51 who were never assessed by a neurologist, 28 who were assessed by a neurologist more than 5 days after stroke onset, 14 who died prior to enrollment, 19 from whom informed consent could not be obtained within 5 days, and 4 patients who refused to enter the study. The average age of the enumerated but ineligible Table 3 ). When the above risk factors were analysed, no significant differences between these two subgroups of IS patients were found.
APLA were found in 12% of cases and 10% of controls (unadjusted odds ratio 1.3; p = NS) ( Table 4 ). The adjusted odds ratio for APLA, after correcting for age, gender, smoking, cardiac disease, diabetes mellitus, and hypertension was 0.8 (95% CI, 0.4 to 1.5). When specific APLA were considered, there were no significant differences between IS cases and controls for ACA or VDRL; however a higher prevalence of prolonged APTT (7% vs. 1%) was found in stroke subjects. APTT was done in 98/151 (65%) of cases and prolonged APTT was confirmed to be due to LA in 4 of 7 cases but not further evaluated 3 of 7 cases. The prevalence of prolonged APTT was greater in patients with prior stroke (12.5%) compared to patients with no prior stroke (1.8%).
Patients were more likely to have medium or high titres of ACA to polyvalent antibody (Table 5 ). Because others have generally included titres of 10 GPL or more as low positive we have combined our borderline group l0 "" GPL with our low positive group to allow comparison. While more cases than controls have medium and high titres the numbers in our study, as in all previous studies, are too small to allow statistical analysis.
DISCUSSION
This study provides evidence that APLA, and particularly ACA, may not be predictive of stroke in an unselected population. Although the prevalence rate for APLA in cases (12%) was within the range of published data 3 ' 6 " 1014 the prevalence rate in controls (10%) was higher than the rate (0-4.3%) in two studies that most closely resemble this one.
3 -8 Our findings are consistent with a recent Canadian study 18 where the prevalence of ACA and LA were determined in an unselected population undergoing investigation for venous thromboembolism (VTE). These authors reported that there was no association between the presence of ACA and occurrence of VTE due to the high frequency of positive ACA assays in patients without VTE. Our data are also in general agreement with the recent report of Ginsberg et al." who concluded that elevated ACA levels were not a risk factor for IS in healthy adult men.
Chakravarty et al. 8 studied 100 IS and TIA patients over the age of 60 and found APLA in 21% of cases but in none of the controls. Their stroke population was older (75 years vs. 68 years) but if age was the factor determining APLA positivity there should have been a corresponding increase in APLA in (7) controls (7) (9) (N = 12) (n = 9) (n=13) (n = l) (n = 9) A previous report by the APASS group 3 of similar case-control design, but using multicenter accrual, found a 2.34 fold relative risk of stroke in ACA positive patients (9.7% in cases vs. 4.3% in controls), which did not change significantly after adjusting for established risk factors. In our study multiple logistic regression, which incorporated an adjustment for other risk factors such as smoking, diabetes, and previous cardiac disease the adjusted risk attributable to APLA alone was found to be less than one (0.8; CI = 0.4 to 1.5). The APASS controls were drawn from hospitalized patients without stroke, the majority of whom had had surgery. The most significant differences between cases and controls in their study were in the ethnic origin of patients (p = 0.001; more blacks and Hispanics) and in the occurrence of hypertension (p = 0.001) and diabetes mellitus (p = 0.007) both of which have been linked to ethnic origin in other studies. Smoking and coronary artery disease were similar in cases and controls. The mean age of patients in their study was 66 years, similar to the mean age of 68 in our study. Our study had far fewer blacks and no Hispanics, but had higher rates of smokers and those with prior cardiac disease, hypertension, and diabetes mellitus in the IS group.
The major difference in our results is that our controls had a higher rate of APLA positivity than in the APASS study. Selection of controls in our study was deliberately directed to individuals who would likely share the same social environment as cases (spouses, friends, or attending family members). It is conceivable that a common environmental stimulus triggered the antibody formation in both cases and controls, thus elevating the antibody detection rate in controls. Studies which select hospitalized patients may not account for this potential factor. On the other hand, given that three methods (ACA, VDRL, and prolonged APTT) were used to detect antiphospholipid antibodies it may be that this higher rate could be expected for a population of this age distribution. A second possibility is that there is an association between APLA status and race. It may be that the increased incidence of APLA positivity in the APASS study group was related to racial differences between their study population and controls. Third, a statistical correlation between APLA status and other risk factors such as cardiac disease, diabetes mellitus, hypertension, or smoking may have reduced the APLA contribution after this correlation was accounted for in the multiple logistic regression hierarchical model. Our study had significant differences at the univariate level in each of these factors whereas the APASS study had differences only in hypertension and diabetes mellitus, thus providing a potential differential effect during the regression modelling. Finally, selection bias may have been present in their study population that would reduce the generalizability of their results. Their sample may have been drawn from a more selected population which may have been biased toward increased frequency of APLA in cases. They recruited 255 cases from 15 large urban American referral centres over 5 months (3.4 cases/ centre/ month). We recruited 151 cases from 2 large urban community/ referral centres over 16 months (4.7 cases/ centre/ month). Our faster rate of accrual, despite smaller urban size, supports our belief that our sample is less selected and is therefore less likely to be affected by recruitment bias. The lack of difference between their cases and controls for known risk factors for stroke (cardiac disease and smoking) also suggests a slightly atypical stroke population.
Our study also had significant age and gender differences between cases and controls. Controls were younger and more likely to be female. It is unlikely that the high rate of APLA in controls is due to their younger age because all prior data suggest the opposite. While it is possible that the higher proportion of women in the control group (57%) is responsible for the increased frequency of APLA in controls, gender has not been associated with risk of APLA positivity if patients with collagen vascular disease are excluded. Other control populations, which have had a similarly high proportion of females (53-62%), found APLA in 0-8%. Case-control studies have limitations with respect to possible sampling bias in recruiting patients and controls as well as in potential recall bias for relevant risk factors. This single center study attempted to recruit all consecutive patients admitted to 2 teaching hospitals with IS and while this was not achieved, analysis of the demographics of ineligible and missed patients suggests a random sample was obtained except for the very elderly, especially those who do not survive the first few days of their stroke. Ascertainment of diabetes, hypertension, and cardiac disease may also have been subject to recall bias. Although a standard instrument was used for both cases and controls family members had to provide historical information for a few patients. Over-reporting of risk factors by family members of a small number of patients was unlikely to cause the large difference in these variables between patients and controls. We therefore believe that the results of this study are generalizable to patients hospitalized in similar circumstances.
Laboratory factors may also be responsible for the discrepancy in our results. Recent studies' 9   " 21 have shown that purified APLA reacts with cardiolipin in the presence of a cofactor. The primary candidate for this cofactor is P 2 -glycoprotein 1 (apolipoprotein H) (reviewed in 2I ). Since our assay utilized newborn calf serum, it is possible that our observations were also dependent on (3 2 -glycoprotein 1. However, considering the lack of a statistically significant difference between the IS population and normal controls, we do not expect the presence or absence of a cofactor in our assay to be a confounding factor. We used polyvalent (IgG, IgA, IgM) anti-human antibody. Polyvalent antibody detects the presence of all types of cardiolipin antibody. Although the APASS group found a statistically significant difference between cases and controls only for the presence of the IgG isotype (p = 0.018) small numbers made it impossible for them to address the importance of isotype distribution. There is no consistent evidence that any isotype is more significant than any other. Low titres of APLA may also prove to be insignificant as they have been reported to often be transient. There are currently insufficient data to determine the significance of this factor.
Possibly combining positive results from all three tests for APLA (ACA, VDRL, APTT) has led to a false negative conclusion. The marked difference in the frequency of abnormal APTT between our cases (7%) and controls (1%) raises this issue but the clinical significance of this finding is not clear for three reasons. First, only 98/151 (65%) of cases had APTT done and a bias to patients with prolonged APTT may have been hidden. Second, prolonged APTT was confirmed to be due to LA in only 4 of 7 cases therefore potentially upwardly biassing the prevalence of LA in this population. Third, the prevalence of prolonged APTT was greater in patients with prior stroke (12.5%) compared to patients with no prior stroke (1.8%). Although we attempted to identify patients on anticoagulants, it is possible that this information was not reported by patients or recorded in the chart and the increased prevalence of prolonged APTT may be accounted for by therapeutic modalities prior to admission. Alternatively, these data are consistent with a recent study suggesting that only prolonged APTT is associated with increased risk of venous thromboembolism. 18 The increased prevalence in those with prior stroke may then be clinically significant.
The possibility of a Type II error needs to be considered in studies such as ours which suggest negative results. Assuming a baseline APLA positive rate of 10%, our study would detect a 2.5 fold increased risk with 90% power. 22 A decision to stop enrollment was made after preliminary assessment of the APLA positive rate (12%) on 151 patients was determined. The control rate at this time was 9.9% and it was assumed that there was insufficient justification to enroll more patients for the sole purpose of increasing power to detect the small, clinically irrelevant unadjusted odds that was evident at the time.
In summary, in contrast to some previous studies, our study fails to uphold the view that APLs, particularly AC A, are a significant risk factor for stroke in an unselected population but suggests LA may be important. Known risk factors for stroke including hypertension, previous cardiac disease, diabetes, and smoking history were confirmed to be significant predictors of stroke in our study population. Multivariate analysis which includes these factors decreases the significance of APLA in the prognostic equation. Future studies should carefully consider the importance of LA and ensure that the control population targeted is better matched for race, environment, and gender than we or others have yet achieved. Patient-referred controls is not a reliable method of obtaining matched controls in this population. Detailed analysis of the time sequence of antibody formation in the period immediately following stroke would also be helpful. Adjustment for established risk factors should be performed as a routine.
